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IMAGE FORMING APPARATUS WITH
MULTIPLE LIGHT SOURCES TIMING
CONTROL

FIELD OF THE INVENTION AND RELATED
ART

The present invention relates to an image forming appara-
tus, such as a copying machine or a printer, having a function
of forming an 1mage on a recording material such as a sheet.

In a conventional image forming apparatus of an electro-
photographic type, a laser beam modulated by an 1mage sig-
nal 1s reflected by a rotational polygonal mirror provided in a
scanner to scan a surface of a photosensitive member, thus
cifecting image formation. As the photosensitive member, a
drum shaped photosensitive member 1s frequently used and 1s
called a photosensitive drum. In the case where this type 1s
applied to a color laser printer, an 1mage of four colors of
yellow (Y), magenta (M), cyan (C) and black (BK) are super-
posed to form a color 1image on a sheet.

Here, in Japanese Laid-Open Patent Application (JP-A)
2003-200609, a constitution for synchronizing image writing
timing 1n the case where the number of BD (beam detect)
sensors 1s decreased 1n an 1image forming apparatus 1n which
a plurality of photosensitive members are simultaneously
scanned with laser beams by using a single polygonal mirror
1s disclosed. In this constitution, with respect to the laser
beam for which a corresponding BD sensor 1s not provided,
the 1image writing timing 1s synchronized by using a pseudo
BD side as described below. That 1s, by calculating an amount
of delay of a horizontal synchronizing signal with respect to
cach side of the polygonal mirror in anticipation of a side
division error in each mirror side of the polygonal mirror, the
pseudo BD signal 1s generated from a BD signal, and then the
image writing timing 1s synchronized by using the pseudo BD
signal.

However, the image forming apparatus described in JP-A
2003-200609 mvolves the following problem.

In JP-A 2003-200609, the pseudo BD signal was generated
from the BD signal by calculating the amount of delay of the
horizontal synchronizing signal with respect to each side of
the polygonal mirror 1n anticipation of the side division error
of the polygonal mirror. In this case, image formation was
started after completion of the calculation of this amount of
delay.

For this reason, there 1s a fear that a first print out time
becomes long.

SUMMARY OF THE INVENTION

A principal object of the present invention 1s to provide an
image forming apparatus capable of reducing a first print out
time 1n a constitution 1 which light 1s emitted from a light
source at timing on the basis of a pseudo BD signal generated
on the basis of a BD signal to form a latent image.

According to an aspect of the present invention, there 1s
provided an 1image forming apparatus comprising: first and
second photosensitive members; first and second light
sources each for emitting light; a rotatable polygonal mirror
for deflecting the light, emitted from the first light source,
toward the first photosensitive member and for deflecting the
light, emitted from the second light source, toward the second
photosensitive member; {irst signal output means for output-
ting a first signal by detecting, in a predetermined position,
the light emitted from the first light source and deflected by
the rotatable polygonal mirror; and second signal output
means for outputting a second signal different from the first
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signal on the basis of the first signal, wherein the first light
source emits the light at timing on the basis of the first signal
and the second light source emits the light at timing on the
basis of the second signal so that latent images are formed on
the first and second photosensitive members, respectively,
and then are developed with developers to form developer
images on the first and second photosensitive members,
respectively, and then an 1mage 1s formed by superposing the
developer 1images, and wherein before output of the second
signal from the second signal output means 1s started, the first
light source emits the light on the basis of the first signal to
start formation of the latent image on the first photosensitive
member.

These and other objects, features and advantages of the
present invention will become more apparent upon a consid-
cration of the following description of the preferred embodi-
ments of the present invention taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view showing a general structure of an
image forming apparatus in Embodiment 1.

FIG. 2 1s a schematic perspective view for illustrating a
scanner unit in Embodiment 1.

FIG. 3 1s a block diagram for illustrating a generating
method of a pseudo BD signal in Embodiment 1.

FIG. 4 1s a timing chart for illustrating the generating
method of the pseudo BD signal in Embodiment 1.

FIG. 5 1s a schematic view showing a relation between a
polygonal mirror, laser diodes and a BD sensor 1n Embodi-
ment 1.

Parts (A) and (B) of FIG. 6 are timing charts each for
illustrating a feature of Embodiment 1.

FIG. 7 1s a flowchart showing an operation executed by an
engine controller in Embodiment 1.

FIG. 8 1s a schematic perspective view for illustrating a
scanner unit in Embodiment 2.

FIG. 9 1s a flowchart showing an operation executed by an
engine controller in Embodiment 2.

FIG. 10 1s a sectional view showing a general structure of
an 1mage forming apparatus in Embodiment 3.

FIG. 11 1s a block diagram for illustrating a generating,
method of a pseudo BD signal in Embodiment 3.

FIG. 12 1s a tlowchart showing an operation executed by an
engine controller in Embodiment 3.

DESCRIPTION OF THE PR.
EMBODIMENTS

(L]
Y

ERRED

With reference to the drawings, embodiments for carrying
out the present invention will be specifically described. How-
ever, dimensions, materials, shapes and relative arrangements
ol constituent elements described in the following embodi-
ments should be appropriately modified depending on con-
stitutions and various conditions of a device (apparatus) to
which the present invention 1s applied. That 1s, the scope of
the present invention 1s not limited to the following embodi-
ments. The present invention relates to an 1image forming
apparatus using an electrophotographic process, and particu-
larly relates to a color image forming apparatus for forming
different color images by using a plurality of laser beams.

Embodiment 1

Embodiment 1 of the present invention will be described.
FIG. 1 1s a sectional view showing a schematic structure of a
color laser (beam) printer 201 as an image forming apparatus
in this embodiment.
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The printer 201 1s connected with a host computer 202. The
printer 201 includes four color image forming portions for
forming a color image obtained by superposing images of
tour colors of yellow (Y), magenta (M), cyan (C) and black
(BK). The image forming portions include toner cartridges
207 to 210 including photosensitive drums 301 to 304 as an
image bearing member, and a scanner unit 205 including laser
diodes, as a light source for image exposure, for generating
light (laser beams). The scanner unit 205 will be described
specifically later.

When the printer 201 recerves image data from the host
computer 202, a video controller 203 in the printer 201 devel-
ops the 1mage data into desired video signal forming data
(e.g., bit-mapped data) to generate video signals for image
formation. The video controller 203 and the engine controller
204 carry out serial communication, thus effecting transmis-
s10n and reception of information. The video signals are sent
to the engine controller 204, and then the engine controller
204 drives laser diodes (not shown) 1n the scanner unit 205 on
the basis of the video signals. As a result, electrostatic latent
images (latent 1mages) are formed on the photosensitive
drums 301 to 304 in the toner cartridges 207 to 210, respec-
tively.

The photosensitive drums 301 to 304 are used for forming
the electrostatic latent 1mages for black, cyan, magenta and
yellow, respectively.

In the toner cartridges 207 to 210, the electrostatic latent
images formed on the photosensitive drums 301 to 304 are
visualized (developed) by using toners (developers), so that
color toner 1images are formed on the photosensitive drums
301 to 304. Of the respective color toner 1images formed on
the photosensitive drums (image bearing members), the toner
image ol yellow (first color) 1s first transferred onto an inter-
mediary transier belt (belt) 211, and then the toner images of
magenta, cyan and black are successively transierred super-
posedly 1n the stated order on the belt (primary transfer). As a
result, a color image 1s formed on the mtermediary transier
belt 211. Here, 1n the toner cartridges 207 to 210, developing,
devices 309 to 312 and cleaning devices 305 to 308 are
provided. Here, the photosensitive drums 304 and 302 corre-
spond to first and second 1mage bearing members, respec-
tively. Further, with respect to a movement direction of a
surface of the intermediary transfer belt 211, a contact portion
between the photosensitive drum 304 and the intermediary
transier belt 211 1s disposed upstream of a contact portion
between the photosensitive drum 302 and the intermediary
transier belt 211.

Further, a recording material 1n a cassette 314 1s fed to a
registration roller 319 by a feeding roller 316, and then 1s
conveyed, at driving timing of the registration roller 319, 1n
synchronism with the color image on the mtermediary trans-
ter belt 211. Then, the color 1image 1s transferred from the
intermediary transier belt 211 onto the recording material by
a transfer roller 318 (secondary transfer). The recording
material on which the image 1s transierred 1s conveyed 1nto a
fixing device 313, and then the image 1s fixed on the recording
material under heat and pressure by the fixing device 313.
Thereatter, the recording material on which the image 1s fixed
1s discharged onto a discharge tray 317 at an upper portion of
the printer 201.

Further, the printer 201 1s provided with a registration
detecting sensor 212 for monitoring a registration position of
the image on the intermediary transfer belt 211. This sensor
212 reads a position of each of the color images, formed on
the intermediary transfer belt 211, at desired timing other than
during 1image formation, and then feeds back the read data to
the video controller 203 or the engine controller 204. As a
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result, the registration position of each of the color toner
images 1s adjusted, so that 1t 1s possible to prevent color
misregistration.

FIG. 2 1s a schematic perspective view for specifically
illustrating the scanner umt 205 shown 1n FIG. 1. In FIG. 2,
reference numerals 101, 102, 103 and 104 represent laser
diodes, and on the basis of the video signal generated by the

video controller 203, the surfaces of the photosensitive drums
301, 302, 303 and 304 are scanned with laser beams (light

beams) emitted from the laser diodes 101, 102, 103 and 104,
respectively. In the following description, for convenience,
the laser diodes 101, 102, 103 and 104 are referred to as laser
diodes LD1, LD2, LD3 and LD4, respectively. Here, the laser
diodes LD4 and D2 correspond to first and second light
sources, respectively.

A polygonal mirror 103 as a rotational polygonal mirror 1s
rotated 1n an arrow R direction 1in FIG. 2 by an unshown motor
and 1s used for subjecting the light beams from the laser
diodes LD1, LD2, LD3 and LD4 to deflection scanning. The
motor for driving the polygonal mirror 105 1s controlled so as
to be rotated at a certain speed by an acceleration signal and
a reduced speed signal of an unshown control signal from the
engine controller 204.

A BD sensor 110 1s an optical sensor provided 1n a prede-
termined position where the light (beam) which 1s emitted
from the laser diode LD4 and which 1s then retlected by the
polygonal mirror 105 in a predetermined direction enters. The
BD sensor 110 receives (detects) the light from the laser diode
L.D4 (first light source) and outputs a horizontal synchroniz-
ing signal (BD (beam detect) signal) on the basis of the light.
The horizontal synchromizing signal (first horizontal syn-
chronizing signal) outputted from the BD sensor 1s a signal as
a reference (basis) of timing of light emission of the laser
diode L.D4 for forming the electrostatic latent image on the
photosensitive drum 304 (first image bearing member). Spe-
cifically, a writing position (emission start position of the
laser diode for each reflection side) of a scanning line corre-
sponding to an associated retlection side when the scanning
line 1s formed by reflecting the light beam from the laser diode
at the retlection side of the rotating polygonal mirror 105 and
then by moving a beam spot on the photosensitive member in
a main scan 1mage 1s determined on the basis of the horizontal
synchronizing signal. The BD sensor 110 corresponds to a
first signal output means for outputting the first horizontal
synchronizing signal.

The light emitted from the laser diode LD4 1s used for
scanning by the rotation of the polygonal mirror 105 while
being retlected by the polygonal mirror 105, and then 1s
turther retlected by a folding mirror 109, so that the photo-
sensitive drum 304 1s 1lluminated with the light. As a result,
the electrostatic latent image 1s formed on the photosensitive
drum 304.

Incidentally, 1n actuality, the light passes through unshown
various lens groups 1n order to be focused on the photosensi-
tive drum or in order to be converted from diffused light into
parallel light.

The timing when the BD sensor 110 outputs the signal 1s
timing when an incident angle of the light emitted from the
laser diode LLD4 1s a predetermined angle irrespective of
whether the light 1s incident on which reflection side of the
polygonal mirror 105. Accordingly, usually, the video con-
troller 203 sends the video signals to the engine controller 204
alter a predetermined time from detection of an output signal
of the BD sensor 110 1s counted. As a result, a main scanning
writing position of the image by the light on the photosensi-
tive drum can be determined in an arbitrary position irrespec-
tive of whether the light emitted from the laser diode L4 1s
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incident on which reflection side of the polygonal mirror 105,
so that writing positions of the respective scanning lines can
be always made coincide with each other.

On the other hand, also with respect to the laser diodes
LD1, LD2 and LD3, similarly as in the laser diode 4, the
clectrostatic latent images are formed on the photosensitive
drums 301, 302 and 303, respectively.

Here, the BD sensor 110 1s provided only in the position
where the light emitted from the laser diode LD4 enters, so
that there 1s no BD sensor on scanning passages of the laser
diodes LD1, LD2 and LD3. The light from the laser diode
L.D3 and the light from the laser diode 1.LD4 are incident on the
same side of the polygonal mirror 105 at the same timing. For
this reason, as a horizontal synchronizing signal as a refer-
ence of (light) emission timing of the laser diode LD3 for
forming the electrostatic latent image on the photosensitive
drum 303, the above-described first horizontal synchronizing
signal (first signal) generated by the light from the laser diode
[.D4,1.e., the BD signal outputted from the BD sensor 110 can
be used. On the other hand, the light from the laser diode LD1
and the light from the laser diode LD2 are incident on a side
different from the side, of the polygonal mirror 105, where the
light from the laser diode LD4 1s incident on the polygonal
mirror 103 at the same timing, so that associated photosensi-
tive drums are 1lluminated therewith, respectively. That 1s, at
the timing when the photosensitive drums 301 and 302 are
illuminated with the light from the laser diode LD1 and the
light from the laser diode LD2 and when the photosensitive
drums 303 and 304 are illuminated with the light from the
laser diode L D3 and the light from the laser diode LD4, the
side of the polygonal mirror 105 on which the light from the
laser diode LD1 and the light from the laser diode LD2 are
incident and the side of the polygonal mirror 105 on which the
light from the laser diode L3 and the light from the laser
diode LLD4 are incident are different from each other.

Here, the polygonal mirror 105 causes an error (side divi-
s1on error ) due to molding accuracy of the reflection sides. For
this reason, at the timing when the BD sensor 110 outputs the
signal, there 1s a variation, for each of the reflection sides, 1n
angle of the reflection side of the polygonal mirror 105 on

which the light from the laser diode LD1 and the light from

the laser diode LLD2 are incident. For this reason, even when
the side of the polygonal mirror 105 on which the light from
the laser diode LD1 and the light from the laser diode LD2 are
incident 1s which reflection side, another horizontal synchro-
nizing signal to be outputted at timing when the retlection side
provides a predetermined angle 1s needed.

For this reason, in this embodiment, a BD signal (second
horizontal synchronizing signal or second signal) for the laser
diodes LD1 and LD2 (second light source) 1s generated by
ASIC 402. The horizontal synchronizing signal (second hori-
zontal synchronizing signal) generated by the ASIC 402 1s a
pseudo horizontal synchronizing signal (pseudo BD signal)
providing a reference of timing when the laser diodes LD1
and LD2 emait the light beams 1n order to form the electrostatic
latent images on the photosensitive drums 301 and 302 (sec-
ond 1mage bearing member). The pseudo BD signal 1s gen-
crated by correcting the first horizontal synchronizing signal.

In this embodiment, the light beams emitted from the laser
diodes LD1 and LD2 are incident on the same side of the
polygonal mirror 105 at the same timing, and therefore the
pseudo BD signal can be made common to the laser diodes
L.D1 and LD2. In the following, description will be made on
assumption that the ASIC 402 generates the pseudo BD signal
for the laser diode LLD2. Here, the laser diode LD2 corre-
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sponds to the second light source different in electrostatic
latent image formation start timing from the laser diode LD4
(first light source).

As described above, the color image of yellow (Y) 1s
formed on the photosensitive drum 304 by the laser diode
L.D4 provided with the BD sensor 110. Further, the color
images of black (BK), cyan (C) and magenta (M) are formed
on the photosensitive drums 301, 302 and 303 by the laser
diodes LD1, LD2 and LD3, respectively, provided with no
BD sensor 110. As aresult, the image formation 1s effected. A
series ol 1mage forming process operations 1s as described
above.

Next, a generating method of the pseudo BD signal will be
described with reference to a block diagram of FIG. 3.

Inside the engine controller 204, the ASIC 402 and CPU
403 are provided and are connected by an address data bus.
The ASIC 402 includes a circuit for generating the pseudo BD
signal.

First, a BD signal 401 as the horizontal synchronizing
signal from the BD sensor 110 1s inputted into the ASIC 402,
provided in the engine controller 204, and the video controller
203. The ASIC 402 recerves the BD signal 401 and calculates
a BD period described later, and then sends a value of the
calculated BD period to the CPU 403. The CPU 403 corrects
the BD signal 401 from the value of the BD period to calculate
(derive) a correction value for generating the pseudo BD
signal, and then inputs the correction value into the ASIC 402
through the address data bus. Then, the ASIC 402 generates
(outputs) a pseudo BD signal 404 on the basis of the correc-
tion value and the BD signal 401 from the BD sensor 110. The
outputted pseudo BD signal 1s mputted 1nto the video con-
troller 203. Thus, the ASIC 402 and the CPU 403 constitute a
second signal output means for generating and outputting, on
the basis of the BD signal 401, the BD signal (second hori-
zontal synchronizing signal) for the laser diodes LD1 and
[L.D2. This second output means executes a step of deriving
the correction value by calculating the correction value on the
basis of the BD period, and when the derivation of the cor-
rection value 1s completed, the second signal output means
outputs the pseudo BD signal 404. Here, this correction value
1s a correction value, with respect to the laser diode LD2, for
correcting a difference 1n electrostatic latent image formation
start timing on the basis of the BD signal between the laser
diodes LD2 and LD4. Further, 1n the following description,
this correction value 1s referred to as a correction value for the
pseudo BD signal 1s some cases for convenience of explana-
tion.

The video controller 203 receives the BD signal 401 out-
putted from the BD sensor 110 and the pseudo BD signal 404
outputted from the ASIC 402. At predetermined timing from
the input ol the BD signal 401, image data VDOM and VDOY
are outputted from the video controller 203 to the laser diodes
L.D3 and LD4 of the scanner unit 205. The laser diodes L3
and L.LD4 emait the light on the basis of the image data VDOM
and VDOQY, so that the electrostatic latent images on the basis
of the image data VDOM and VDOY are formed on the
photosensitive drums 303 and 304. Similarly, at predeter-
mined timing from the input of the pseudo BD signal 404,
image data VDOK and VDOC are outputted from the video
controller 203 to the laser diodes LD1 and LD2 of the scanner
unit 205. The laser diodes LD1 and LD2 emut the light on the
basis of the image data VDOK and VDOC, so that the elec-
trostatic latent images on the basis of the image data VDOK
and VDOC are formed on the photosensitive drums 301 and
302.

Next, a correction value calculating method for every 4
sides and a pseudo BD side generating method for every 4




US 9,057,975 B2

7

sides will be described with reference to a timing chart shown
in FIG. 4 and a relation view of the polygonal mirror 105, the
laser diodes LD2 and LD4 and the BD sensor 110 shown 1n
FIG. §.

With respect to the polygonal mirror 105, due to the mold-
ing accuracy error (side division error), the BD period 1is
different every side.

In this embodiment, with respect to the BD signal for each
side of the polygonal mirror 103, periods (BD periods), mea-
sured by the ASIC 402, from A side to B side, from B side to
C side, from C side to D side, and from D side to A side are xa,
xb, x¢ and xd, respectively. Here, 1t can be said that, e.g., the
BD period xa 1s a time (interval) from detection of the light,
which 1s emitted from the laser diode L.1D4 and which 1s then
reflected by the A side, by the BD sensor 110 to detection of
the light, which 1s emitted from the laser diode LD4 and
which 1s then reflected by the B side, by the BD sensor 110.

From each of the BD periods for the respective sides, a
smallest BD period as these BD periods 1s subtracted, so that
a resultant value 1s used as the correction value.

The reason therefor 1s as follows. When the BD signal uses
the A side, the pseudo BD signal uses the B side, and when the
BD signal uses the side B, the pseudo BD signal uses the C
side. Further, when the BD signal uses the C side, the pseudo
BD signal uses the D side, and when the BD signal uses the D
side, the pseudo BD signal uses the A side. Then, on the basis
of correspondence between the BD signal and the pseudo BD
signal, the correction value 1s determined. Further, the cor-
rection value depends on the polygonal mirror 105 and 1s little
changed with time, and therefore writing from the BD signal
401 1s constant. Further, a reference side 1s determined by
determining that the polygonal mirror side having the small-
est BD period provides the correction value of 0.

Therefore, 1n the case where the smallest (shortest) BD
period 1s xb, the correction values are determined as follows.

The correction value for the B side with respect to the
pseudo BD signal associated with the A side with respect to
the BD signal 1s represented by:

(Period of BD signal from A side to 5 side)-(Shortest
BD period)=xa-xb.

Accordingly, the correction value 1s (xa—xb).

Further, the correction value for the C side with respect to
the pseudo BD signal associated with the B side with respect
to the BD signal 1s represented by:

(Period of BD signal from 5 side to C side)—(Shortest
BD period)=xb-xb.

Accordingly, the correction value 1s 0.

Further, the correction value for the D side with respect to
the pseudo BD signal associated with the C side with respect
to the BD signal 1s represented by:

(Period of BD signal from C side to D side)—(Shortest
BD period )=xc—xb.

Accordingly, the correction value 1s (xc—xb).

Further, the correction value for the A side with respect to
the pseudo BD signal associated with the D side with respect
to the BD signal 1s represented by:

(Period of BD signal from D) side to A4 side)—(Shortest
BD period)=xd-xb.

Accordingly, the correction value 1s (xd—xb).

With respect to the pseudo BD signal or the B side associ-
ated with the BD signal for the A side, the correction value 1s
(xa—xb), and therefore the pseudo BD signal having the BD
period which 1s delayed from the BD period of the BD signal
by (xa—xb) 1s generated and outputted.
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With respect to the pseudo BD signal or the C side associ-
ated with the BD signal for the B side, the correction value 1s
0, and therefore the BD signal itself 1s outputted as the pseudo
BD signal.

With respect to the pseudo BD signal or the D side associ-
ated with the BD signal for the C side, the correction value 1s
(xc—xb), and therefore the pseudo BD signal having the BD
period which 1s delayed from the BD period of the BD signal
by (xc—xb) 1s generated and outputted.

With respect to the pseudo BD signal or the A side associ-
ated with the BD si1gnal for the D side, the correction value 1s
(Xd—X v), and therefore the pseudo BD signal having the BD
period which 1s delayed from the BD period of the BD signal
by (xd—xb) 1s generated and outputted.

In generation of the pseudo BD signal, when the BD signal
1s outputted, the side of the polygonal mirror 105 by which the
light emitted from the laser diode LD4 1s deflected 1s deter-
mined, so that the correction value 1s determined from the BD
period calculated correspondingly to the determined side. In
this case, the BD period 1s different for every side, and there-
fore by calculating the BD period, 1t 1s possible to specily the

side of the polygonal mirror by which the light emitted from
the laser diode LLD4 1s deflected.

In the case of the BD signal 401, the pseudo BD signal 404
as shown 1 FIG. 4 1s generated. In this way, the signal
(pseudo BD signal), other than the BD signal, to be outputted
at timing different from the output timing of the BD signal 1s
generated. Incidentally, the signal other than the BD signal
refers to a signal, to be outputted timing different from the
output timing of the BD signal before the correction 1s made,
which 1s at least one of the BD signals sent during one turn
(rotation) of the polygonal mirror 105 (1.¢., the BD signals
outputted four times 1n total for the four sides in this embodi-
ment). That 1s, as 1n the case of the above-described pseudo
BD signal, if at least one side provides the correction value of
0 as when the pseudo BD signal 1s outputted on the basis of the
BD signal for one of the A side, the C side and the D side, the
signal constitutes the signal other than the BD 51gnal even
when the case where the correction value 1s 0 as 1n the case
where the pseudo BD signal 1s outputted on the basis of the
BD mgnal for the B side 1s included.

A series of process operations of the pseudo BD signal
generation 1s as described above.

Here, 1in the case, the reference side 1s determined by deter-
mining that the polygonal mirror side having the smallest
(shortest) BD period provides the correction value of O, but
the present invention 1s not limited thereto. However, 1n this
embodiment, in order to further enhance accuracy of the
timing of the pseudo BD signal, the polygonal mirror side
having the smallest BD period 1s determined as the side where
the correction value 1s 0. By determining the polygonal mirror
side having the smallest BD period as the side where the
correction value 1s 0, the above-described correction values
(xa—xb), (xc—xb) and (xd—xb) can be made positive (values).
For example, 1n the case where the correction value (xc—xb) 1s
a negative value, the generation of the pseudo BD signal for
the D side 1s not 1n time 11 the BD signal for the C side has
already been sent, and therefore there 1s a need to generate the
pseudo BD signal for the D side by adding a positive correc-
tion value to the timing of the BD signal for the B side.
However, 1n the generation of the pseudo BD signal for the D
side, when the BD signal for the B side 1s used as a reference,
compared with the case where the BD signal for the C side 1s
used as the reference, the BD signal for the immediately
preceding side of the C side. Therefore, the correction value
becomes large, so that there 1s a fear that the accuracy i1s
lowered.
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Next, a characteristic feature of this embodiment will be
described.

In this embodiment, a constitution in which the yellow
image 1s formed on the basis of the BD signal and then
subsequent magenta, cyan and black images are subjected to
image registration (alignment) 1n the main scan direction on
the basis of the pseudo BD signal 1s employed. In such a
constitution, this embodiment i1s characterized in that the
yellow 1mage formation 1s started before completion of the
correction value calculation for the pseudo BD signal (before
start ol output of the pseudo BD signal, 1.e., in a period 1n
which the step of dertving the correction value by the second
signal output means 1s executed). Here, the image formation
start for each of the colors means start of the electrostatic
latent 1image formation on the photosensitive drum.

By employing such a constitution, 1t becomes possible to
reduce the first print out time 1n a full-color mode. Here, the
yellow 1mage formation corresponds to the image formation
on the first image bearing member. Further, before comple-
tion of the correction value calculation for the pseudo BD
signal refers to before the correction value calculation by the
CPU 403 performed by using the value of the BD period
calculated by the above-described ASIC 402 1s completed.

Parts (A) and (B) of FIG. 6 are timing charts for 1llustrating,
the feature of this embodiment, 1n which (A) of FIG. 6 shows
timing in the case where the vellow image formation 1s started
aiter the completion of the correction value calculation for the
pseudo BD signal as in a conventional constitution, and (B) of
FIG. 6 shows timing 1n the case where the vellow image
formation 1s started before the completion of the correction
value calculation for the pseudo BD signal as 1n this embodi-
ment.

The time required for calculating the correction value for
the pseudo BD signal is sufliciently shorter than a time
between the first 1mage formation timing and the second
image formation timing, and therefore the calculation of the
correction value for the pseudo BD signal 1s completed at the
timing when the magenta image formation 1s started. By
using the pseudo BD signal obtained by the correction, the
magenta image formation 1s effected. In FIG. 6, the abscissa
represents lapse of time from start of printing, and the ordi-
nate represents processes sequentially performed by the
printer. Further, in (A) and (B) of FIG. 6, the number and
required times of respective elements or steps are the same.

First, the processes 1n (A) of FIG. 6 will be described.

First, a scanner motor and a fixing device are activated
(1100), and then rise of a high-voltage source (power source)
1s made (T101). The rise of the high-voltage source means
that voltages and currents of high-voltage sources four steps
of charging, development and transier necessary for the elec-
trophotographic process are controlled so as to become target
values.

When the activation and rise end, calculation of a correc-
tion value for the pseudo BD signal 1s started (1102). After the
calculation of the correction value for the pseudo BD signal 1s
completed (1103), formation and primary transier of 1images
of four colors of yellow (YY), magenta (M), cyan (C) and black
(BK) are started. In this case, the image formation 1s effected
by using the pseudo BD signal 404 generated on the basis of
the calculated correction value and the BD signal 401 sent
from the BD sensor 110. Here, 1n order to generate the pseudo
BD signals for magenta, cyan and black even after the yellow
image formation 1s ended, control such that the light 1s emut-
ted from the laser diode LD4 only at timing when the BD
signal 401 1s capable of being outputted (unblanking control).
That 1s, the laser diode LD4 1s caused to emit the light by
estimating timing when the light enters the BD sensor 110.
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When this process 1s ended, secondary transier for trans-
ferring the toner images (developer images) from the inter-
mediary transier belt 211 onto the recording material 1s made
(T104). Thereafter, on the recording material on which the
toner 1mages are transierred, the toner 1images are fixed as a
permanent 1mage by the fixing device 313 controlled at a
target temperature (11035). When the fixing 1s ended, the
recording material 1s discharged onto the discharge tray
(T106), and thus the image formation 1s ended (1107).

In the processes 1n (B) of FIG. 6, compared with those 1n
(A) of FIG. 6, yellow image formation start timing 1s differ-
ent. The yellow 1image formation start timing 1s the timing
(T103) of the completion of the calculation of the correction
value for the pseudo BD signal 1n (A) of FIG. 6, whereas the
yellow 1mage formation start timing 1s the same execution
timing (1202) as the timing of calculation start of the correc-
tion value for the pseudo BD signal 404 1n (B) of FIG. 6. This
timing (1202) 1s not calculation completion timing (1203) of
the correction value for the pseudo BD signal. Subsequent
control processes (steps) including the 1image formation, the
primary transfer, the secondary transier, the fixing and the
discharge (1204 to T207) in (B) of FIG. 6 are the same as
those 1 (A) of FIG. 6, and therefore will be omitted from
description.

The first print out time 1s a time from start of printing until
the recording material 1s discharged to the outside of the
printer (1.e., a time from reception of print request to the
discharge of the recording material to the outside of the
printer).

The first print out time 1n the case where the yellow 1image
formation 1s started after the calculation of the correction
value for the pseudo BD signal 1s completed 1s from T100 to
1107 ((A) of FIG. 6). On the other hand, the first print out time
in the case where the yellow image formation 1s started belfore
the calculation of the correction value for the pseudo BD
signal 1s completed 1s from 1200 to T207 ((B) ol FIG. 6). It1s
understood that the first print out time (Irom 1200 to T207) in
(B) of FIG. 6 1s, when compared with the first print out time
({from T100to T107) 1n (A) of FIG. 6), shortened by a time (T's
in FIG. 6) required for calculating the correction value for the

pseudo BD signal.

FIG. 7 1s a flowchart showing a tlow (of a procedure)
carried out by the engine controller 204 1n this embodiment
when the engine controller 204 receives a print instruction
(command) from the video controller 203.

First, the engine controller 204 activates the scanner motor
(5101). Thereafter, the engine controller 204 discriminates
whether or not the number of turns (rotations) of the scanner
motor reaches a predetermined number of turns (S102). In the
tollowing description, a state in which the number of turns of
the scanner motor reaches the predetermined number of turns
1s referred to as scanner ready (state). When the scanner motor
1s placed 1n the scanner ready state, the calculation of the
correction value for the pseudo BD signal 1s started and at the
same time, the yellow 1image formation 1s started (S103 and
S104).

In the case where the calculation of the BD period and the
calculation of the correction value for the pseudo BD signal
are completed until the magenta image formation start timing,
the magenta image formation 1s started (S1035 and S106). The
pseudo BD signal 1s outputted immediately after the comple-
tion of the correction value calculation. Thereatter, at prede-
termined 1mage formation start timing, cyan image formation
and black image formation are effected, so that a color image
1s formed (5108 to S111). Here, a state 1n which the calcula-
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tion of the BD period and the calculation of the correction
value for the pseudo BD signal are completed is referred to as

pseudo BD ready (state).

Further, the flow carried out by the engine controller 204 in
this embodiment includes a tlow ready for the case of abnor-
mal circumstances 1 which the output of the pseudo BD
signal cannot be started due to an improper operation or the
like of the ASIC 402. This case will be described.

In the case where the pseudo BD ready 1s not realized until
magenta 1mage formation start timing, pseudo BD error han-
dling (clearance) 1s made (S112). In the error handling, a
result (correction value) when the correction value for the
preceding pseudo BD signal 1s calculated 1s stored 1n a storing,
means, and then the value may be used as the correction value
or alternatively a predetermined value of, e.g., O may also be
used as the correction value for the pseudo BD signal.

This 1s based on discrimination that although 1mage regis-
tration (alignment) accuracy with respect to the main scan
direction 1s inferior to that during the pseudo BD ready due to
improper calculation of the correction value for the pseudo
BD signal, the image formation 1s continued based on priority
on shortening of the first print out time. At that time, a user
may be urged to pay attention by providing notification of
warning to a display panel or the host computer.

Incidentally, the discrimination as to whether or not the
pseudo BD ready 1s realized (5106) may only be required that
the discrimination 1s made before the cyan image formation in
which the latent image 1s formed on the basis of the pseudo
BD signal 1s started. That 1s, 1n the flowchart of FIG. 7, the
procedure may also be modified so that the discrimination as
to the pseudo BD ready (5106) 1s made between the magenta
image formation start (S107) and the cyan image formation
start (5109). In this embodiment, the reason why the discrimi-
nation as to the pseudo BD ready 1s made between the yellow
image formation start (5§104) and the magenta image forma-
tion start (S107) 1s that the ASIC 402 in this embodiment
usually has a performance such that the calculation of the
correction value for the pseudo BD signal can be completed
before the magenta 1mage formation start.

Asdescribed above, 1n this embodiment, 1n the constitution
in which the yellow toner image 1s formed on the basis of the
BD signal and then the toner images of magenta, cyan and
black are registered (aligned) with the yellow toner image
with respect to the main scan direction on the basis of the
pseudo BD signal, the yellow image formation 1s started
before the completion of the calculation of the correction
value for the pseudo BD signal and before start of output of
the pseudo BD signal. As a result, 1t becomes possible to
shorten the first print out time in an operation 1n a full-color
mode.

Here, 1n this embodiment, the shortening of the first print
out time 1n the image formation on the recording material was
described. However, the constitution in this embodiment 1s
also effective for the purpose of color misregistration correc-
tion 1n the case where the image 1s formed on the intermediary
transier belt 211, and thus 1s not limited to the 1mage forma-
tion on the recording material. Further, the example of the
polygonal mirror having the four sides was shown. However,
the constitution in this embodiment 1s also effective with
respect to polygonal mirrors having three five and more sides,
and therefore 1s not limited to the polygonal mirror having the
four sides.

Embodiment 2

Embodiment 2 will be described. In this embodiment, a
constitution portion different from that in Embodiment 1 will
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be described, and a constitution portion similar to that in
Embodiment 1 will be omitted from description.

FIG. 8 1s a schematic perspective view for illustrating a
scanner unit 1n this embodiment.

In Embodiment 1, the BD sensor 110 was disposed corre-
spondingly to the image formation for the first color 1n which
the light 1s emitted from the laser diode LD4, but this embodi-
ment 1s characterized in that the BD sensor 110 1s disposed
correspondingly to image formation for the second color 1n
which the light 1s emitted from the laser diode LD3. The order
of the colors during the image formation 1s the same as 1n
Embodiment 1, and thus the first color 1s yellow and the
second color 1s magenta.

In the following, a relation between the image formation
start and the scanner motor activation 1n this embodiment will
be described. Usually, when the photosensitive drum 1s
exposed to and scanned with laser light during the activation
of the scanner motor, an exposed portion 1s not electrically
charged suificiently in a charging step, so that a charged state
ol the photosensitive drum 1s not umiform, and therefore there
1s a need to wait for a predetermined time 1n order to form the
image on the photosensitive drum.

Theretfore, 1n this embodiment, a constitution in which the
photosensitive drum for the second color 1s exposed to and
scanned with the laser light, during the activation of the
scanner motor, emitted from the laser diode L.D3, not the laser
diode LD4 for the first color 1s employed. As a result, the
photosensitive drum for the first color 1s prevented from being
exposed to the laser light during the activation of the scanner
motor, and therefore the 1image formation for the first color
can be started 1n a state 1n which the photosensitive drum 1s
clectrically charged uniformly. Further, also with respect to
the photosensitive drum for the second color exposed to the
laser light emitted during the scanner motor activation, at the
image formation start timing for the second color, a suificient
time 1n which the photosensitive drum 1s electrically charged
uniformly elapses, and therefore, good 1image formation can
be effected.

The laser diodes .1D4 and LD3 form the electrostatic latent
images by emitting light beams on the basis of the first hori-
zontal synchronizing signal outputted from the BD sensor
110 having received the light from the laser diode LD3. The
laser diodes LLD2 and LD1 form the electrostatic latent
images by emitting light beams on the basis of the second
horizontal synchronizing signal generated on the basis of the
first horizontal synchronizing signal and the correction value.

An operation thereot will be described specifically below.

FIG. 9 1s a flowchart showing a flow (of a procedure)
carried out by the engine controller 204 1n this embodiment
when the engine controller 204 receives a print instruction
(command) from the video controller 203.

The engine controller 204 activates, when printing 1s
started, the scanner motor (S201). Thereatter, the engine con-
troller 204 discriminate whether or not the number of turns
(rotations) of the scanner motor reaches a predetermined
number of turns (S202). After confirming that the scanner
motor 1s placed 1n the scanner ready state, the calculation of
the correction value for the pseudo BD signal and, the yellow
image formation are started (S203 and S204).

With respect to the magenta, image formation using the BD
signal 1s made, and therefore image formation 1s started at the
magenta 1mage formation timing (5205 and S206).

In the case where the calculation of the correction value for
the pseudo BD signal 1s completed until the subsequent cyan
image formation start timing, control of steps S207 and S211
1s elfected. That 1s, the correction value for the pseudo BD
signal 1s stored, and at the same time, the cyan image forma-
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tion 1s started (S207 and S209). Thereafter, at black image
formation start timing, black image formation 1s effected to
form a color 1mage (5210 and S211).

The process 1n the case where the calculation of the cor-
rection value for the pseudo BD signal 1s not completed 1s the
same as that in Embodiment 1, and therefore will be omitted
from description.

As described above, 1n this embodiment, 1n the constitution
in which the magenta toner image 1s formed on the basis of the
BD signal and then the toner images of yellow, cyan and black
are registered (aligned) with the yellow toner image with
respect to the main scan direction on the basis of the pseudo
BD signal, the yellow image formation 1s started before the
completion of the calculation of the correction value for the
pseudo BD signal. As a result, waiting of charging state
restoration of the photosensitive drum due to the light emis-
sion during the actuation of the motor 1s avoided, and the
image formation of the first color (yellow), so that the first
printout time can be shortened.

Embodiment 3

Embodiment 3 will be described. In this embodiment, a
constitution portion different from that in Embodiment 1 will
be described, and a constitution portion similar to that in
Embodiment 1 will be omitted from description.

FIG. 10 1s a sectional view showing a general structure of
an 1mage forming apparatus 1n this embodiment.

In Embodiment 1, the case of the single scanner unit was
described, whereas 1in this embodiment, a constitution 1in
which two scanner units are mounted will be described.

In this embodiment, as shown 1n FIG. 10, a constitution 1n
which the images of the first and second colors are formed by
using a scanner unit 216 and the images of the third and fourth
colors are formed busing a scanner unit 215 1s employed. In
the scanner unit 216, a light source group for the laser diodes
L.D3 and LD4 and a polygonal mirror 116 are provided. In the
scanner unit 215, a light source group for the laser diodes L1
and LD2 and a polygonal mirror 115 are provided. Further,
BD signals are provided correspondingly to image formation
of the first and third colors. With respect to the second color,
the pseudo BD signal 1s generated on the basis of output of the
BD sensor for the first color, and with respect to the fourth
color, the pseudo BD signal 1s generated on the basis of output
of the BD signal for the third color.

FIG. 11 1s a block diagram {for illustrating a generating
method of the pseudo BD signal.

Here, the generation of the pseudo BD signal 1n the scanner
unit 216 will be described. With respect to the generation of
the pseudo BD signal in the scanner unit 215, the generating,
method 1s similar to that 1n the scanner unit 216.

A BD signal 412 as a horizontal synchronizing signal from
a BD sensor 112 1s connected with the engine controller 204.
The ASIC 402 recerves the BD signal 412 and then calculates
a value of a BD period, and thereatfter sends the calculated BD
signal 412 to the CPU 403. The CPU 403 calculates, from the
value of the BD period, a correction value for generating a
pseudo BD signal, and then inputs the correction value 1nto
the ASIC 402 through an address data bus. Further, the ASIC
402 generates a pseudo BD signal 416 from the correction
value and the BD signal 412 outputted from the BD sensor
112.

The video controller 203 receives the BD signal 412 out-
putted from the BD signal 112 and the pseudo BD signal 416
generated by the ASIC 402. Further, at predetermined timing
after the detection of the BD sensor 112, image data VDOM
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and VDOY are outputted from the video controller 203 to the
laser diodes LD3 and LLD4 of the scanner unit 216.

By employing such a constitution, even in a constitution in
which a plurality of scanner units are provided, similarly as in
Embodiment 1, by starting the image formation before the
completion of the calculation of the correction value for the
pseudo BD signal, it 1s possible to shorten the first print out
time while ensuring accuracy of 1mage registration (align-
ment).

The above operation will be described specifically below.

FIG. 12 1s a flowchart showing a flow (of a procedure)
carried out by the engine controller 204 1n this embodiment.
The scanner units 215 and 216 are independently operated,
and therefore a difference from Embodiment 1 1s that the
image formation 1s elfected after confirming the scanner
ready (state) and the pseudo BD ready (state) with respect to
cach scanner unit. The tlow will be described specifically
below.

The engine controller 204 activates, when printing 1s
started, an unshown scanner motor mounted 1n each of the
scanner units 2135 and 216 (S301). First, the engine controller
204 discriminates whether or not the number of turns (rota-
tions) of the scanner motor for the scanner unit 216 reaches a
predetermined number of turns (5302). When the scanner
motor for the scanner unit 1s 216 1s placed 1n the scanner ready
state, the calculation of the correction value for the pseudo
BD signal 416 1s started and at the same time, the yellow

image formation 1s started (S303 and S304).

In the case where the calculation of the correction value for
the pseudo BD signal 416 1s completed until the magenta
image formation start timing, the magenta image formation 1s
started (S305 to S307). On the other hand, in the case where
the engine controller 204 discriminates that the scanner unit
216 1s not 1n the pseudo BD ready state, pseudo BD error
handling (clearance) 1s made (S3135). The pseudo BD error
handling 1s the same as that in Embodiment 1, and therefore
will be omitted from description.

Then, at timing when the scanner unit 215 1s in the scanner
ready state, the calculation of the correction value for a
pseudo BD signal 413 1s started, and at the same time, the
cyan 1image formation 1s started (S308 to S311). In the case
where the scanner unit 215 1s not 1n the scanner ready state,
scanner motor activation abnormality handling (clearance) 1s
cifected (S308 and S316). In the scanner motor activation
abnormality handling, the image forming position 1s stopped
immediately, and then a message to the effect that the scanner
motor 1s out of order 1s displayed on the display panel pro-
vided on the printer or 1s notified to the host computer con-
nected with the printer.

Next, 1n the case where the calculation of the correction
value for the pseudo BD signal 415 1s completed until the
black 1mage formation start timing, the black 1image forma-
tion 1s started (S312 to S314).

By the above processes, the color image 1s formed.

As described above, 1n this embodiment, 1n the constitution
in which the two scanner units are provided and with respect
to each scanner unit, 1mage registration (alignment) with
respect to the main scan direction 1s carried out by using the
BD signal and the pseudo BD signal, the yellow image for-
mation 1s started every scanner unit before the completion of
the calculation of the correction value for the pseudo BD
signal. As aresult, 1t becomes possible to shorten the first print
out time.

While the imnvention has been described with reference to
the structures disclosed herein, 1t 1s not confined to the details
set forth and this application 1s intended to cover such modi-




US 9,057,975 B2

15

fications or changes as may come within the purpose of the
improvements or the scope of the following claims.

This application claims priority from Japanese Patent
Applications Nos. 272832/2012 filed Dec. 13, 2012 and
251891/2013 filed Dec. 5, 2013, which are hereby incorpo-
rated by reference.

What is claimed 1s:

1. An 1image forming apparatus for starting 1mage forma-
tion on the basis of a print command, comprising:

first and second light sources each for emitting light
according to 1image data;

a rotatable polygonal mirror including a plurality of
reflecting facets, wherein said rotatable polygonal mir-
ror deflects the light emitted from said first light source
toward a first photosensitive member and deflects the
light emitted from said second light source toward a
second photosensitive member;

a first signal output unit for outputting a first signal by
receiving, in a predetermined position, the light emitted
from said first light source and deflected by said rotat-
able polygonal mirror; and

a second signal output unit for outputting a second signal at
timing on the basis of the first signal and a correction
value, wherein the correction value 1s set for each
reflecting facet of said rotatable polygonal mirror,

wherein said first light source emits the light according to
the image data based on a time when the first signal 1s
outputted and said second light source emits the light
according to the image data based on a time when the
second signal 1s outputted so that latent 1mages are
formed on the first and second photosensitive members,
respectively,

wherein said second signal output unit starts the output of
the second signal after a lapse of a predetermined period
from start of the output of the first signal by said first
signal output unit after said 1image forming apparatus
receives the print command, and

wherein after said image forming apparatus receives the
print command and before the output of the second
signal 1s started, said first light source starts light emis-
s1on according to the image data.

2. An mmage forming apparatus according to claim 1,
wherein the light emitted from said first light source and the
light emitted from said second light source at the same timing
are 1ncident on different reflecting facets of said rotational
polygonal mirror to 1lluminate the first and second photosen-
sitive members therewith, respectively.

3. An 1mage forming apparatus according to claim 1, fur-
ther comprising:

a belt contactable to the first and second photosensitive

members,

wherein with respect to a movement direction of a surface
of said belt, a contact portion between the first photo-
sensitive member and said belt 1s provided upstream of a
contact portion between the second photosensitive
member and said belt.

4. An 1mmage forming apparatus according to claim 3,

wherein the latent 1images formed on the first and second
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photosensitive members, respectively, are developed with
developers to form developer images, and

wherein the developer images are superposedly transferred
from said first and second photosensitive members onto

said belt.

5. An 1mage forming apparatus according to claim 3,
wherein the latent 1images formed on the first and second
photosensitive members, respectively, are developed with
developers to form developer images, and

wherein the developer images are superposedly transferred
from the first and second photosensitive members onto a
recording material conveyed on said belt.

6. An 1mage forming apparatus according to claim 1,
wherein 1n the predetermined period, said second signal out-
put unit derives the correction value, for correcting the first
signal for each reflecting facet of said rotational polygonal
mirror, and then generates and outputs the second signal for
cach reflecting facet of said rotational polygonal mirror onthe
basis of the correction value and the first signal, and

wherein 1n a period 1n which a step of deriving the correc-
tion value by said second signal output unit 1s executed,
said first light source starts light emission on the basis of
the first signal to form the latent image on the first
photosensitive member.

7. An 1mage forming apparatus according to claim 6,
wherein the step of deriving the correction value by said
second signal output unit includes a step of deriving the
correction value on the basis of an interval between adjacent
first signals outputted for each retlecting facet of said rotat-
able polygonal mirror.

8. An 1mage forming apparatus according to claim 1,
wherein the latent 1mage formed on the first photosensitive
member 15 developed with a yellow developer.

9. An 1mmage forming apparatus according to claim 1,
wherein the latent image formed on the first photosensitive
member 1s developed with a magenta developer.

10. An 1mage forming apparatus according to claim 1,
wherein the first signal 1s outputted for each retlecting facet of
said rotatable polygonal mirror by said first signal output unit,
and the second signal 1s outputted for each reflecting facet of
said rotatable polygonal mirror by said second signal output
unit.

11. An 1mage forming apparatus according to claim 1,
wherein a latent image formation position 1s determined, with
respect to a main scan direction, when the latent 1mage 1s
formed on the first photosensitive member by the light emis-
s1on of said first light source after a lapse of the predetermined
period from the output of the first signal, and 1s determined,
with respect to the main scan direction, when the latent image
1s formed on the second photosensitive member by the light
emission of said second light source after a lapse of a prede-
termined period from the output of the second signal.
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